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STU2E3  OS  PASBQRETXA  PESTI5 
—  Thu  t_rui  Antibodies  of  Recovered  Plague  Patients 


Annsles  ■»  *\ •  v •rt  Pasteur,  ^ 

106,  196.,  n££tTiio-248  * 

(Pasteur  ~.st_t"te  of  Madagascar  /Director:  ; 
and  Research,  luucratory  for  Alimentary  Disordi 
Mrs.  Ranzlar.jzcra7) . 


A.  Dodin, 

1.  Raniara—  .  a 

and-S.  R.  1.  a* 


The  study  of  serum  modification  in  patients  recovered  frcn  pl__,ua 
has  not  been  the  subject  of  many  studies. 

As  early  as  19*#,  Favarel  /3jr  agglutinated  samples  of  ?.  g_ -  is 
with  serum  from  recovered  plague  patients.  Hoyer  ar.d  Courdurier  ££}* 
demonstrated  -.ntiplague  precipitir.s  in  tie  tissue  of  dead  plague  v_-t_ us. 
Reel  and  coll*.  Jllf  studied  the  agglutination,  direct  conglutination . 
polysidic  and  proteinic  henaggLutination  reactions  for  plague  aiagne-is, 
Payne  and  coll.  Jl2f  studied  the  serum  of  subjects  vaccinated  with  too  Z7 
strain  or  subjects  recovered  fror.  plague,  by  hemagglutination  after  sensi¬ 
tizing  the  red  blood  cells  with  the  capsular  protein.  They  also  investi¬ 
gated  the  cutaneous  reaction  of  these  subjects  to  Ajl's  toxin  in  the 
plague  epidemic  zone. 


The  present  scarcity  of  plague  cases  has  forced  most  of  the  scrum 
work  to  be  on  material  of  animal  origin.  Warren  /id/  brings  to  light  an 
antitoxin  in  the  blood  of  monkeys  which  have  been  vaccinated  with  strains 
f.'Z  vaccines  containing  the  scmatic  protein  of  ?.  nestis.  Rhundarov  and 
'coll.  UJ  have  described  an  antibody  in  the  y-glohuiins  which  can  pas¬ 
sively” immunize  the  mouse.  Dzhaparidze  and  coll.  P$J  have  studied  the 
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electrophoresis  of  the  sens  of  nice  -which  have  been  inoculated  exp: 
mentally  with  ?.  testis.  They  showed  that  -while  the  albumin  titer 
decreased  and  the  globulin  titer  increased,  the  total  amount  of  sem. 
protein  did  not  change.  Eisler  anc  von  Ketz  [bj  have  described  prec-.ni- 
tins  vhich  are  common  to  several  bacteria  in  the  intestinal  flora 
(Shigella,  Proteus)  and  to  one  scrun  antifraction  IB. 

Bus  to  the  kindness  of  the  chiefs  of  services  of  Health  of  the 
Provinces  of  Tamatave  and  Tananarive  (See  note  1)  and  the  doctors  under 
then,  we  have  received  y*  sera  from  patients  attacked  by  and  cured  of 
plague. 

/late  1  j7  thank  Doctors  Destribats  and  Raaamonjy  Ratri___  Jar 
the  shipments  of  plague  patients'  sera. 

..e  have  studied  these  sera  by  electrophoresis  and  by  inuuna electro¬ 
phoresis.  Hemagglutination  and  complement  deviation  studies  were  made 
later. 

Hiismi  Aim  METHODS 

The  3^  sera  were  divided  as  follows: 

10  sera  of  subjects  cured  of  pulmonary  plague; 

23  sera  cf  subjects  cured  of  bubonic  plague. 

They  were  taken  at  different  tines  after  the  clinical  verifa-_;ion 
of  the  disease.  For  two  patients  (1  and  10)  we  were  able  to  study  e*.ra 
at  J  +  22  (J  s  date  of  diagnosis)  and  J  +  120. 

AH  of  the  sera  could  not  be  used  for  paper  electrophoresis  because 
hemolysis  had  occurred  during  their  preparation  in  the  field  where  condi¬ 
tions  were  often  precarious. 

T.-7e  fractioned  the  serum  proteins  by  paper  electrophoresis.  The 
apparatus  used  was  Elphor  H  with  Watman  n°  1  paper  and  Longworth  tampon 
pH  S.6  ionic  force  0.05*  The  migration  occurred  for  12  to  15  hours. 
Brcmphenol  blue  was  the  indicator.  The  paper  was  washed  with  2  parts  per 
100  acetic  acid,  then  with  aceto-acetic  reagent,  then  dried  and  exposed  to 
ammonia  fumes  ar._  read  with  densitometer  (Photovolt  Corporation)  which 
gave  the  absorption  curve.  The  serum  was  resolved  into  fractions  which 
were  weighed  by  the  Kettler  (precision  0.05  mg). 

The  immune electrophoretic  analysis  (ATE)  was  performed  by  the 
technique  described  in  an  earlier  work  (Do din  £2_y).  *'e  established  the 
AIE  diagram  for  the  serum  concerned.  Searching  for  a  specific  plague 
bacillus  antibody,  we  placed  a  mixture  of  antihuman  horse  sera  “I.?. 

Paris  223"  and  “224“  in  one  lateral  groove.  In  the  other  groove,  we 
placed  the  antigen,  .plague  bacilli  SV  Girard  and  Robic  strain  cultivated 
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at  2d°  c,  and  lysed  by  conge!  a  tion-de  congelation. .  10  date,  there  Ls  ~  . 
wularonia  or  vseudo tuberculosis  in  Madagascar  which  elindnates  the  pci~d- 
bility  of  cross  reactions  £l  J .  Vie  wanted  to  detemine  to  what  the  plague 
bacillus  specific  antibody  corresponded  on  the  AZ3  diagran  for  plague 
bacillus  EV  26°  midi  was  established  in  an  earlier  work  (Fig.  1).  For 
this  we  had  the  antigens  (strain  £V  26°,  lysed  by  congalation- 
•  decongelation)  nigrate.  In  the  lateral  grooves,  we  placed  the  different 
sera  -  f  patients  attacked  by  plague. 

Ihe  double  diffusion  in  agar  p emitted  us  to  ^wrMfy  a  certain 
nutber  of  lines  characterized  by  the  All  (Fig.  2). 


/ 
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Fig.  1  and  2,  AXS  diagran  of  ?♦  psstis  27  26°  strain  antugc 
diffusion  in  agar.  A?  =  antiplague  serua. 


RESULTS 

2.  Sena  of  Patients  Recovered  iron  PuS nonary  Plague. 

A.  Hectrophoresis  (Table  U). 

Our  base  nunbars  are  the  percentages  of  serun  albmir  ant  r-lcbulin 
fractions  for  different  races  in  Madagascar  as  given  by  Meyer  Our 

patients  esne  freu  four  races:  Sihanaka,  Merina,  Besanozano,  and 
Tsinihety. 
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Tbe  albumins  —  Compared  to  Xeyer’s  figures  (Table  I),  the 
percentages  are  din  ini  shed  in  important  proportions  in  7  out  of  8  nauiemts. 
ibr  subjects  2,  4,  8,  12  and  13 »  this  drop  is  core  than  two  thirds  of  the 
average  value.  The  clinical  data  shows  that  patients  2,  4  and  13  suffered 
from  severe  pulmonary  plague  with  blooey  sputum  containing  Yersin*s  bacil¬ 
lus  and  with  a  temperature  of  38.9°  C  to  39°  C.  Subjects  8  and  12  had 
yfsaperatures  of  37®  C  and  37.5°  C,  and  bloody  sputum  containing  Tensin' s 
/cacUlus, 

The  drop  of  the  albumin  titers  are  less  definite  for  subjects  6,  7 
and  11.  These  bad  been  treated  immediately  after  contact;  their  tempera¬ 
tures  did  net  exceed  37*5°  C  but  their  sputum  was  positive.  Eaese 
results  confirm  that  what  Dzhaparidze  £%J  saw  in  the  mouse  also  occurs 
in  man. 
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The  globallns  —  B»  ^  «2  sn«  la  little  changed  except  la  sub¬ 
jects  4 and  >3 where  « z  hu  doubled  quantitatively.  dll  of  the  subjects 
in  Table  n  axoept  rP  13  had  confirmed  pukwmrjr  plague.  ft*  strain  au 
isolated  ty  cultural  methods  aad  by  aouse  inoculation.  9b r  these  ten 
patients,  the  sera  sample  «u  taken  21  days  after  the  chart  of  the 


riee  la  parallel 


fiie  /-gtobbll aa  laereaaed  la  oar  8  petiecta.  fids 
to  that  of  the  02"iloballaa«  The  y -globulins  are  laoraei 
s*ject»  bat  more  definitely  in  n°«  2,  4C  8  and  11. 


i  y 

/  2kwa»eleotro»MioretJLo  analysis  showed  no  specific  precipitation 
line  of  plagus  bacillus  with  the  y -globulin.  to  precipitation  line  trm 
.  the  plague  bedllae  17  26°  diagram  appeared  la  ill  or  la  doable  diffusion 

‘  la  tear.'  . 

*  1  #  ’  .  •  • 

n.  Sena,  of  Patients  Recovered  trm  Buhoalo  Plague. 

A.  llsctrogborssis  (Table  m). 

_ —  We  performed  15  aleetrophorwtie 

analyses  with  the  sera  of  subjects  recovered  free  bubonic  plague*  In 
oonparlaon  to  die  average  figures  given  for  each  raoe,  the  eera  of  sub¬ 
jects  recently  afflicted  by  plague  all  show  a  definite  albtadn  titer  drop* 

.  Ibr  subjects  of  the  Karina  race,  this  drop  is  about  50  p.  100  (subjects  1, 
10  sad  33).  tar  the  other  races,  this  drop  is  also  Important*  The 
*2  globulins  are  little  Modified  except  fbr  a  definite  a2  increese  for 
'  subjects  18  aad  27* 

The  /2-globulins  are  definitely  increased  in  all  the  raoes.  the 
,  largest  rise  Is  in  the  y-globullns  idxlch  are,  in  ell  oases,  acre  than  two 
tinea  larger  than  the  average. 


2.  Mod*  ft  cation  In  Tine  —  Sera  21  aad  22  ware  taken  eight  and 
seven  days  respectively  after  the  clinical  verification  of  the  disease, 
fixese  are  subjects  seen  daring  -the  epldenic  and  it  la  logical  to  assme 
that  the  disease  was  just  beginning.  The  Modifications  noted  In  the  pre- 
paragraph  are  already  established. 

» 

Ve  were  able  to  study  sera  1  and  10  (rig.  3  and  4)  with  sanples 
taken  on  the  and  120th  days  and  on  tha  3?th  aad  120th  days  respec¬ 
tively.  The  early  sera  show  the  general  Irregularities  and  the  late  sera 
already  chow  a  tendency  towards  tha  established  averages.  This  return  to 
uonal  occurred  fbr  sen  24  and  25  ddeh  wars  sampled  serac  years  after 
recovery  and  fbr  sera  29  aad  31  i*ich  were  aawpl  ad  eight  aad  three  years 
reqpectivbZy  after  reoovwry.  < 
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—  The  «j  *2  grotp  is  little  chanted  except  in  sub¬ 
jects  4  and  13  whare  «2  has  doubled  quantitatively,  ill  of  the  subjects 
in  Table  n  except  n°  13  had  confirmed  puljeonary  plague.  The  strain 
isolated  by  cultural  methods  and  by  souse  Inoculation,  par  these  tan 
patients,  the  sera  sample  was  taken  ZL  days  after  the  start  of  the 
disease.  ‘ 

The  /I -globulins  increased  in  our  8  patients.  This  rise  is  parallel 
to  that  of  the  0t2”£lj°tn&l&8*  3**  y-globulina  are  increased  tor  each 
subject,  but  sore  definitely  in  n°a  2,  40  8  and  11. 


B. 

./ 


Immunoelectrophoresis. 

•  / 

/  Lea\s»electro^wreLio  analysis  showed  no  specific  precipitation 
11ns  of  plague  bacillus  with  the  r -globulin,  to  precipitation  line  fra 
the  plague  bacillus  X?  25°  diagram  appeared  in  All  or  in  double  diffusion 
in  agar. 

XX.  Sera  of  Patients  Recovered  fra  Bubcnle  Plague. 

A.  KLsctrophorssis  ( Table  XXX). 

1.  Taaedlata  Modifications  —  Vs  performed  15  electrophoretic 
analyses  with  the  sera  of  subjects  recovered  fra  bubonic  plague.  In 
comparison  to  the  average  figures  given  for  each  race,  the  sera  of  sub¬ 
jects  recently  afflicted  by  plague  all  shov  a  definite  albtmin  titer  drop* 
Tor  subjects  of  the  Msrlna  race,  this  drop  is  about  50  ?•  100  (subjects  1, 
10  and  33).  For  the  other  races,  this  drop  is  also  important.  The  ct, 

<*2  globulins  are  little  modified  except  for  a  definite  *2  increase  for 
subjects  18  and  27. 

The  ^-globulins  are  definitely  increased  in  all  the  races.  Tfar 
.  largest  rise  is  In  the  7-globulina  which  are,  in  all  cases,  more  than  two 
times  larger  than  tha  average. 

on  in  Tine  —  sera  21  and  22  were  taken  eight  and 


2.  _ _ 

seven  days  respectively  after  the  clinical  verification  of  the  disease. 
These  ere  subjects  seen  during  -the  epidemic  and  it  is  logical  to  asstme 
that  the  disease  was  just  beginning.  The  modifications  noted  In  the  pre¬ 
ceding  paragraph  are  already  established. 

We  were  able  to  study  sera  1  and  10  (Pig.  3  and  4)  with  aasples 
taken  on  the  22nd  and  120th  days  and  on  the  37th  and  120th  days  respec¬ 
tively.  The  early  sera  show  the  general  irregularities  and  the  late  sera 
already  show  a  tendency  towards  the  established  averages.  This  return  to 
normal  occurred  for  sera  24  and  25  which  we>  vmpled  seven  years  after 
recovery  and  for  sera  29  and  31  which  were  sampled  eight  and  three  years 
respectively  aftmr  recovery.  \ 
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/  The  plague  bacillus  thus  a  mbs  to  provoke  a  brutal  electrophoretic 
modification  of  th«  serm  proteins.  Is  this  imbalance  specific  for  ?» 
pestisT  This  is  idut  we  will  show  by  isBunoeleotrophoretio  analysis. 

B.  Immunoelectrophoresis. 

a)  jpwmnoalsctrophoretic  analysis  of  serum  fTca  patients  recovered 
frost  bubonic  plague  —  The  i*eunoelectrophoresia  of  ssrua  fra  patients 
recovered  fra  buoonio  plague  produces  a  specific  precipitation  line  with 
the  SV  26 0  antigen,  idiich  migrates  with  the  y -globulins.  This  line  per¬ 
sists.  attenuated,  after  saturation  of  the  sera  of  past  plague  patients 
by  pgafottjrella  Pseudotuberculosis. 


SMI  J* t* 


SMI  JM» 


Pig.  5  and  6.  In  the  central  well:  Cryolysat  of  P.  pestis  SV  26°  strain. 
In  the  grooves!  IP  =  antiplagua  serum.  a£L  J  +  22  «  Sena  of 
patient  n°  1  22  days  after  diagnosis.  3d  J  +  120  *  Sena  of 
patient  n°  1  120  days  after  diagnosis. 


Of  13  patients  tito  had  confined  bubonic  plague  less  than  IB  months 
earlier,  11  showed  a  specific  y -globulin  for  the  plague  bacillus.  Two 
(n°s  10  and  23),  did  not  show  this  specific  antibody.  Of  the  three  non 
confirmed  bubonic  plague  cases,  one  (n°  21)  showed  a  precipitation  line 
with  the  plague  antigen  on  the  level  of  the  y -globulins. 

Over  18  months  after  the  disease,  this  precipitation  line  was  not 
found  in  any  of  the  tested  sera  (freo  three  to  eight  years).  As  a  matter 
of  fact,  the  7 -globulin  concerned  is  composed  of  different  antibody 
fractions  which  we  have  identified  according  to  the  plague  bacillus  SV  26° 
AXS  diagram  and  by  double  diffusion  in  agar  (Pig.  5»  6,  7). 

b)  of  the  plague  bacillus  with  the  help  of  patients1  sera  — 
‘The  15  sera  having  shown  antiplague  globulin,  developed  one  or  more  preci¬ 
pitation  lines  with  the  plague  antigen.  The  lines  seen  most  often  are  c 
(14/15),  i  (14/15),  j  (9/15)  *»d  (e)  which  provides  the  c-i  junction  and 
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shows  in  certain  oonditiona  (of.  Do  din  £\J) •  (6/15).  &•  line  b  appeared 

only  twioe  (xfi*  16  and  18)  and  k  once. 


PM.  T. 


Bach  tine  the  e  (e)  i  or  c-i  lines  hare  appeared  in  AX3,  the  lines 
6  and  7  hare  appeared  in  double  diffusion  in  agar*  Ibr  each  J  line  (or 
J  +  k) ,  a  corresponding  line  5  appeared  and  for  each  of  the  two  b  lines, 
a  corresponding  line  4  appeared  on  the  Oucfaterlony  plates. 

c)  Appearance  of  these  lines  as  a  function  of  time  —  At  J  +  7 
(n°  22)  there  was  only  the  i  line.  On  J  +  8  (n°  21)  the  c-i  lines  were 
produced.  In  the  majority  of  the  cases  the  lines  c,  i,  j  appeared  in  that 
order.  The  appearance  of  further  lines  seas  to  be  in  inverse  proportion 
to  the  severity  of  the  disease.  Subjects  n°3  16  and  18  were  in  excellent 
general  health  with  no  fever  and  their  antiplague  globulins  corresponded 
to  the  b,  c,  (e),  1,  j  lines.  On  the  oU-sr  hand  subject  a°  1,  whose  gen¬ 
eral  condition  was  bad  with  dyspnea,  coughing,  sputa,  right  inguinal 
adenoplegson  and  obnubilation,  showed  lines  c,  (e),  i,  J,  and  k.  Subjects 
9,  10,  15,  19,  26  and  27  all  shewed  a  marked  infectious  condition  with 
temperature  around  C  and  adenophlegaon. 

We  were  able  to  follow  the  modification  of  these  lines  ir.  time  with 
the  sera  n°8  1  and  10.  These  were  seen  on  J  +  22  and  J  4-  120,  jr'+  37  and 
J  +  120  respectively.  After  100  days  these  lines  (e),  J,  k  for  serum  n°  1 
and  J  for  n°  10  had  disappeared.  After  18  months,  seroa  30  showed  lines 
c,  i  and  after  three  years,  we  found  no  trace  of  the  plague  infection  by 
our  AES  method. 


DISCUSSION 

Indeed  we  saturated  our  sera  with  Pasteur alia  pseudctuberculosis. 
but  we  did  not  do  it  with  extracts  of  Siigella  and  S.  coll  or  Protaua. 
Eisler  and  von  Metz  £47  demonstrated  the  presence  of  pradpitins  against 
P.  cestis  in  the  sen*  of  rabbits  immunized  against  the  FI  fraction,  in 
new  aasaals  and  in  human  serum.  The  fact  that  the  sera  of  our  pulmonary 
plague  patients  and  recovered  plague  subjects  produced  no  precipitation 
lines  is  in  favor  of  a  real  specificity  of  the  /-globulins  thus  put  in 
evidence. 
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Ve  have  established  that  the  lisas  c,  (a),  i  van  formed  by  the 
antigens  of  tha  plague  bacillus  type*  The  line  c  was  in  fact  tha  cm  of 
four  lines  of  glycoprotein,  cl,  ell,  cm  and  d7.  The  sstigen  »fcich 
causes  tha  appearance  of  cl  is  found  in  tha  sera  'it  plague  infected  rab¬ 
bits  where  tha  disease  develops.  Thus,  the  line  c  of  our  patients  sera 
likely  corresponds  to  the  glycoprotein  vaccinate  rod  to  another  type  c 
antigen. 

The  antigen  corresponding  to  the  b  precipitation  line  is  equally 
present  In  the  plague  infected  rabbit  senn  and  vas  refound  in  the  sens, 
of  subjects  who  had  a  mild  disease.  It  sews  that,  in  general,  the  lines 
j,  k  are  associated  vith  the  serious  toxic  bubonic  plague. 

Further  studies  will  show  if  this  is  the  antitoxic  fraction.  In 
Meyer's  iySJ  hands,  serm  nP  1  shoved  four  precipitation  lines.  Three 
were  identified  as  ,  the  toxin  and  the  X  antigen.  She  third  vas  not 
identified.  * 


StMKARX 

Swuno electrophoretic  Studies  on  Pasteurella  pestis. 

Serm  Antibodies  in  Patients  After  Re oarery. 

The  author  has  studied  "‘the  serun  of  11  patients  suffering  from 
pulmonary^  and  the  serm  of  25 'patients  suffering  trca  bubonic  plague, 
aftse  recovery.  From  the  onset  of  the  disease,  a  significant  decrease 
of  albumin  and  an  increase  of  globulins,  particularly  y-globulins,  has 
been  demonstrated. 

Three  months  after  reoovery,  the  electrophoretic  pattern  return^' 
to  *$0  normal. 

In  sera  of  patients  recovered  from  bubonic  plague,  the  inauno- 
electrophoretic  analysis  afaova  the  presence  of  a  globulin  migrating  with 
the  specific  anti -plague  y-gldbulin.  This  globulin  is  constituted, 
according  to  the  moment  of  the  disease,  of  a  certain  amber  of  anti¬ 
bodies,  corresponding  to  antigens  determined  on  the  P.  pesti3  ianuno- 
electrophoretic  diagram.  The  lines  i,  c  (e)  seem  to  appear  first;  then 
the  lines  b,  j,  k,  then  or  according  to  the  severity  of  the  disease,  the 
line  b  (benign  disease),  j,  k  (toxic  infection). 

These  lines  disappear  in  an’ inverse  order  of  their  appearance,  and 
all  of  than  disappear  18  months  after  the  end  of  the  disease. 
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